Tumor necrosis factor receptor superfamily, member 9 (TNFRSF9, best known as CD137 or 4--1BB) is a TNFR family member with established co-stimulatory functions, promoting the survival and proliferation of activated T cells. The expression of CD137 by mouse and human CD8^+^ and CD4^+^ T cells is upregulated upon antigen-induced activation.[@R1] This makes CD137 an attractive biomarker for the identification (and selection) of antigen-stimulated T cells. Indeed, cytomegalovirus-, Epstein-Barr virus-, influenza virus-, adenovirus- as well as tumor-associated antigen (TAA)-specific T cells can be isolated from the peripheral blood by CD137 enrichment, but an ex vivo stimulation step based on defined antigens is required to this aim.[@R2]^,^[@R3] Although this strategy can facilitate identification of new immunogenic epitopes from pre-defined antigens,[@R2] its potential has not been fully explored in oncological settings, in which cancer cells express both shared and patient-specific antigens of unknown specificity.

The accumulation of tumor-infiltrating lymphocytes (TILs) is often associated with improved survival among patients affected by various malignancies, supporting the notion that spontaneous T cells with antitumor activity can accumulated within neoplastic lesions and control tumor growth. The beneficial impact of some types of TILs can be further improved by immunotherapy. For example, TILs with antitumor reactivity can be isolated and expanded from resected melanoma lesions in a relatively straightforward manner, and can mediate durable, complete responses upon autologous (re)-administration to preconditioned patients.[@R4] Current methods for isolating tumor-reactive TILs are limited by a relatively low throughout (a limited number of cells can be screened) and sensitivity. Thus, potentially active tumor-reactive TILs can be excluded by the final cell product, which may also contain non-reactive TILs. Of even greater concern, these methods have generally been incapable of generating TILs with a therapeutic activity in patients with neoplasms other than melanoma, suggesting that melanoma is unique in its ability to yield TILs of sufficient potency and number to mediate clinical effects upon adoptive transfer.[@R5]

Given that TILs make direct contact with malignant cells, we hypothesized that, unlike their circulating counterparts, the naturally occurring tumor-reactive T cells that are found within neoplastic lesions express activation-associated molecules as the natural product of their interaction with cancer cells.[@R6] By studying primary leukocytes from patients with ovarian cancer, we observed a preferential increase in the frequency of naturally-arising CD137^+^ T cells at tumor sites, even in the absence of ex vivo antigenic stimulation. CD137^+^ T cells were found in ascites as well as within solid tumors. The frequency of CD137^+^ T cells was actually higher in this latest setting, perhaps since TILs are in close contact with malignant cells. To determine whether these were bona fide tumor-reactive T cells, CD137^+^ TILs were isolated from the tumor after enzymatic dissociation and evaluated for the ability to recognize and react against autologous cancer cells.

Upon enzymatic dissociation, tumors were first cultured overnight in the presence of homeostatic cytokines such as interleukin (IL)-7 and IL-15, which increased the frequency of CD137^+^CD8^+^ T cells. IL-2, which is quintessential for TIL expansion, had no impact on the frequency of CD137^+^ TILs, suggesting that IL-7 and IL-15 better support the survival of antigen-activated TILs ex vivo. CD137^+^ cells were then enriched from dissociated tumor specimens by cell separation techniques. Upon re-exposure to autologous tumor cells, only CD137^+^ TILs produced interferon- γ (IFNγ) whereas their CD137^−^ counterparts failed to do so. Furthermore, the addition of MHC class I-blocking antibodies to dissociated tumors prevented CD137 upregulation and IFNγ production by TILs, indicating that these functions require the MHC-dependent, TCR-mediated activation resulting from the recognition of cognate TAAs. In support of this notion, all CD8^+^ melanoma-derived TILs specific for the MART-1~26--35~ peptide that were stimulated with MHC-matched MART-1^+^ cancer cells (but not with MHC-mismatched or MART-1^-^ cells) upregulated CD137 expression and produced IFNγ, 2 processes that were restricted to the MART-1~26--35~/HLA-A2 tetramer^+^ TIL population. Thus, TILs do upregulate CD137 upon the recognition with defined TAA-derived epitopes. This said, melanoma-derived TILs not specific for MART-1 but possessing a MHC-dependent reactivity against melanoma cell lines also upregulated CD137 upon exposure to cancer cells, indicating that TILs with heterogeneous specificities can be collectively identified and enriched by CD137-based cell separation ex vivo.

CD137^+^ TILs also inhibited tumor growth in vivo, in xenograft tumor models, whereas CD137^-^ TILs did not. Accordingly, the antitumor efficacy of TIL preparations was markedly enhanced upon CD137-based selection. Thus, TILs with tumor-rejecting functions can be identified (and selected) as they express CD137. Our findings define a new method for the rapid and efficient isolation of tumor-reactive TILs from various types of cancer that does rely upon ex vivo stimulation with defined antigens ([Fig. 1](#F1){ref-type="fig"}).

![**Figure 1.** Isolation of CD137^+^ T cells from clinical tumor specimens. CD137 is selectively expressed on tumor-infiltrating lymphocytes (TILs) that have been activated upon encounter with tumor-associated antigens (TAAs). Upon the enzymatic dissociation of tumor samples, the expression of CD137 among TILs can be increased by overnight exposure to interleukin (IL)-7 and IL-15. Strategies that allow for the enrichment of CD137^+^ TILs represents the next step toward the improvement of adoptive CD137^+^ T-cell transfer and downstream translational investigations, including the sequencing of T-cell receptor (TCR)-coding genes, the identification of novel TAAs and the molecular phenotyping of specific TIL subsets.](onci-2-e27184-g1){#F1}

While the expression of programmed cell death 1 (PDCD1, best known as PD-1) may also allow for the selection of natural tumor-reactive TILs,[@R7] PD-1^+^ TILs encompass distinct CD137^+^ and CD137^−^ subsets. In our hands, the reactivity of TILs against TAAs was primarily restricted to the PD-1^+^CD137^+^, as opposed to the PD-1^+^CD137^-^, subpopulation. We therefore conclude that while a fraction of PD-1^+^ TILs may exert antineoplastic functions, the expression of CD137 on TILs better identifies recently activated tumor-specific T cells.

Our results identify CD137 as an activation-dependent biomarker of naturally-occurring, TAA-reactive TILs, rationalizing investigations that harness the selectivity and signaling of CD137 for cancer immunotherapy, for instance by means of agonist antibodies[@R8] or natural ligands.[@R9] Our enrichment strategy is also positioned to support downstream translational investigations, including the profiling of immunoregulatory elements in tumor-reactive TILs as well as the sequencing of T-cell receptor (TCR)-coding genes for use in antigen discovery and immunotherapy. Notably, the isolation and expansion of CD137^+^ TILs for therapeutic purposes could be conducted over a one-week period, corresponding to the CD137-based enrichment followed by one week of culture in the presence of IL-2. Methods minimizing the duration of culture but not involving the selection of tumor-reactive T cells have been explored with encouraging clinical results in melanoma.[@R10] Our technique for the rapid enrichment of tumor-reactive TILs may be applied to a large panel of tumor types. The development of a reliable, closed chamber-based method for the enrichment and outgrowth of CD137^+^ lymphocytes represents the next logical step toward the use of these cells as anticancer immunotherapeutics.
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